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BRIGHTNESS DISTRIBUTION I N  THE LIMB ZONE OF 1 

ABSTRACT 

NASA TT F-10,018 

The r e su l t s  of photoelectric observations of Mars by the method 

of  cross sections are presented. The observations were made i n  

the Cassegrain focus of the 70 cm ref lec tor  a t  the Main Astro- 

nomical Observatory of the  Academy of Sciences of the Ukrainian 

SSR. In the opposition of 1963, the brightness dis t r ibut ion 

along the apparent radius of the planet was traced up t o  

r = 0 . g P  8. 

sc in t i l l a t i on  of the image and for the  f i n i t e  s ize  of the dia- 

phragm (D = 0" .35), are tabulated. 

The data, averaged and corrected f o r  turbulent 

It was faund t h a t  for 

A <  390 nmthe atmosphere of Mars possesses an appreciable 

t rue  absorption, while f o r  longer wavelengths scattering pro- 

vides the main contribution. 

The application of the techniques of photographic photometry for the in-  /54* 

vestigation of the variation i n  brightness with angle of l i g h t  incidence along 

the radius of the apparent disk o f  Mars does not yield the resu l t s  hoped for, 

because it i s  necessary i n  t h i s  case t o  l i m i t  the  distance fromthe center of 

the image t o  r ,< 0 . 8 5 ~  8.1 

The need has ar isen f o r  some alternative method of studying the brightness 

d is t r ibu t ion  along the radius of the planet, one t h a t  would f irst  of a l l  afford 

the  poss ib i l i ty  of securing information a s  t o  the variation i n  brightness a t  

the  edge of the image and, secondly, enhance the precision of the measurements 

*Numbers i n  the margin indicate pagination i n  the or iginal  foreign text .  



significantly.  

photoelectric cross sections of  the apparent disk of the planet. 

using the diurnal motion of the planet as  the mechanism f o r  displacement of the 

electrophotometer diaphragm, we obviate the necessity of measuring the scale of 

the image. I n  processing the observations, it i s  suf f ic ien t  t o  know the ephem- 

eris diameter of the planet. A t  the  same time, electrophotometric measurements 

ensure high precision on the par t  of the observations. 

This requirement, i n  o u r  opinion, i s  well met by the method of  

I n  fac t ,  by 

During the opposition of M a r s  i n  1963, we used the indicated method t o  

study the brightness dis t r ibut ion along the apparent diameter of the planet. 

The observations were made a t  the Cassegrain focus of the 70 cm ref lec tor  a t  the 

Main Astronomical Observatory of the  Academy of  Sciences of the Ukranian SSR 

(GAO AN USSR). 

with a dianeter O'I.35 i n  the ce l e s t i a l  sphere. 

EMI-9502 photomultiplier (355-600 nm) and an infrared photomultiplier (450-900 

m). 

were recorded from a contact chronometer as  a means of checking the scale of  

the record. 

lengths i n  combination with the photomultiplier photocathode are shown i n  the 

The diaphragm of the photoelectric photometer subtended a c i r c l e  

The radiation receptor was an 

A loop oscillograph was used for recording. Simultaneously, second markers 

For the observations, we used l i gh t  f i l t e r s ,  whose effect ive wave- 
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Since the main source of interference i n  such observations i s  turbulent 

s c in t i l l a t i on  of the image, we used observations made under the most favorable 

atmospheric conditions for the f i n a l  processing. 

the "favorable" dates happened t o  be 4 February 1963, the same day a s  the oppo- 

s i t i on  of Mars. On t h i s  night, during which for two hours the zenith distance 

of Mars did not exceed 35", we obtained a t o t a l  of 40 t o  50 cross sections for 

each l i g h t  f i l t e r .  

By fortuitous chance, one of 

Concurrently w i t h  the recording of the cross sections, we 

visual ly  estimated the effect ive sc in t i l l a t i on  amplitude of the image,u. 

4 February 1963, u = 0".4. 

On 

The sections obtained for each l i gh t  f i l t e r  were 

averaged, then the resul tant  averaged curves were corrected fo r  s c in t i l l a t i on  

of the image and the f i n i t e  s i z e  of the diaphragm. It was assumed a t  t h i s  time 

t h a t  the  turbulent f luctuations f i t  a normal distribution. In view of the f ac t  

tha t ,  for the  averaged curve, the effective time of observation for each point 

on the apparent disk was greater than the effect ive period of s c in t i l l a t i on ,  

the use  of a normal dist r ibut ion law i s  jus t i f iab le .  

t r i bu t ion  along the diameter of M a r s  was ascertained from the following 

The t rue  brightness dis-  

expression: 

F ( t )  = - S (f-X) F ( x )  dx, 
A 's 

where F ( t )  and F(x) are  the observed and t rue  distributions,  respectively. The 

kernel S ( t  - x) = S( t ' )  i n  the integral  equation (1) i s  physically interpreted 

a s  the brightness d is t r ibu t ion  for a point source under the given experimental 

conditions (diaphragm radius R and effective sc in t i l l a t i on  amplitude I T ) .  The 

function S ( t  - x) i s  found from the expression 
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There the f i rs t  factor  i n  the integrand takes in to  account the sm aring of t h e k  

brightness dis t r ibut ion pattern due to  the f i n i t e  diameter of the diaphragm, 

the second factor accounts f o r  turbulent sc in t i l l a t ion ;  A i s  defined by 

normalization. 

The problem i s  solved i n  practice as  follows. 

From the known values of R and u, S ( t ' )  i s  determined according t o  Eq. (2). 

Equation (1) i s  solved by the method of successive approximations. The zeroth 

approximation i n  t h i s  case i s  the observed brightness dis t r ibut ion F ( t )  = Fo(t) ,  

and the following auxi l iary function i s  determined: 

A- I 

A s  a f i rs t  approximation, we choose the dis t r ibut ion 

F,V)=F,(t) + [ F ( O  -f1 (U. I 
For the nth approximation, we have 

'n(t)=Fn-i (t) + IFQ - f,,(q~. 1 
It i s  evident t h a t  the computation process i s  continued u n t i l  we have 

fn(t) = F( t ) .  

The second approximation proved' adequate i n  our case fo r  reproduction of 

the  true distribution. 

It i s  important t o  note that during the observation period the direct ion 

The measure- of m t i o n  of  the diaphragm was paral le l  t o  the Martian equator. 

ments performed on 4 February 1963 referred t o  the equatorial  land regions 

bounded by the longitudes 310-180~. The re su l t s  obtained re la t ive  t o  the 

brightness d is t r ibu t ion  along the radius of the disk of Mars are shown i n  the 

table .  

4 
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We note, f i rs t  of a l l ,  t ha t  a t  600 nm the var ia t ion i n  brightness with 

angle of l i g h t  incidence i closely follows a Lambert law. 

the curvature of the corresponding curves diminishes t o  a minimum value a t  420 

Toward smaller A, 

nm, a f t e r  which it gradually increases again, down t o  390 nm. 

atmosphere of Mars has an appreciable t rue  absorption. 

A t  355 nm, the 

From 600 nm t o  900 nm, 

a gradual decrease i n  curvature i s  observed. 

t h a t  a similar behavior was observed on 23 January and 28 February 1963, we may 

Reinforcing t h i s  with the f a c t  

j u s t i f i ab ly  assert, the  continuous presence i n  the Martian atmosphere of dust- 

par t ic le  scat terers  about 1 p in radius (as we had discovered ear l ie r ;  see 

re f .  1) . The data shown i n  the table,  re la t ing  t o  the brightness dis t r ibut ion 

along the  radius of Mars, should be of fur ther  use i n  determining the parameters 

of the Martian atmosphere by the  application of appropriate theoret ical  

re la t ions  . 
We note, i n  conclusion, t ha t  i f  the values obtained i n  1961 ( ref .  2) fo r  /57 

the  v is ib le  albedo p a t  the center of the M a r s  disk are  assumed f o r  every wave- 

length beginning with 420 nm, then f o r  the  limb (r = 0 .9T  d , or  i = 76") we 

will have 

A, nm 420 I 450 475 510 560 600 
p 0.020 0,021 0,023 0.02s 0,029 0,030 1 

I 

Although the measurements r e fe r  t o  the limb of M a r s ,  a t  600 nm and fo r  the 

probable values of T ,< 0.1, the t rue surface w i l l  have a considerable influence 

on the  measured value of p .  The f i r s t  term on the right-hand side of the 

equation 

pi =A f (i) e-2T + B, 

for A z O . 3 ,  f(i) 0.1,~ < 0.1, and i = 76" will be a t  l ea s t  0.014, while 

B. < 0.016. For 420 nm, B i z  pi, whence it follows t h a t  the brightness of the 
1 
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atmospheric column i n  the in te rva l  420-600 run increases s ignif icant ly  with di-  

minishing wavelength, hence scattering prevails over absorption i n  the v is ib le  

region of the spectrum i n  the atmosphere of Mars. 
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